Introduction

1
Biomass burning is considered to be one of the major sources of trace gas species 2 and tropospheric aerosol particles (Crutzen et al., 1979) . These aerosols play a significant 3 role in atmospheric chemistry (Andreae, 1991), earth radiation budget (Penner et al., 4 1992; Hobbs et al., 1997) and climate (IPCC, 1995) . Widely prevalent in the tropics, 5 anthropogenic biomass burning has expanded drastically in the last 15 years due to 6 increased deforestation practices in Brazil's Amazon basin, as well as to clear land for 7 shifting cultivation in South America, Southeast Asia and Africa (Seiler and Crutzen, 8 1980). It is estimated that 114 Tg of smoke is released into atmosphere yearly through 9 biomass burning, out of which 80% is in the tropical regions (Penner et al., 1992; Hao 10 and Liu, 1994). radiative impact due to biomass burning events. If TOA SW flux over a smoke aerosol 20 region is larger than that over clear-sky condition, the TOA SWARF is negative. As a 21 result, if SWARF is negative it implies that more solar radiation is reflected back to space 22 at smoke condition and therefore is called a "cooling effect". Important parameters 23 include the rate of biomass burning, the lifetime of smoke, the fraction of burned material 1 that goes into smoke, the surface albedo, the fractional cloud cover, the fraction of smoke 2 that is distributed between land and ocean, and the optical properties of aerosols that 3 include single scattering albedo, optical depth, and extinction coefficients. Using these 4 parameters, the direct TOA SWARF of smoke aerosols can be estimated using a simple 5 radiative transfer equation (Penner et al., 1992; Hobbs et al., 1997) . However, due to the 6 uncertainty in smoke aerosol characteristics, the estimate of direct TOA SWARF for 7 smoke aerosols is uncertain. The estimated global-mean values of TOA SWARF due to 8 biomass burning aerosols are -0.8 Wm -2 (Penner et al., 1992 ) and -0.3 Wm -2 (Hobbs et al., 9 1997), respectively. The TOA SWARF difference between the Penner et al.(1992) and 10 Hobbs et al. (1997) estimates is the result of assuming different values of the scattering 11 and absorption efficiencies and the humidification factor of biomass burning aerosols.
12
Satellite measurements provide a more straightforward approach of estimating 13 regional and global TOA SWARF values for smoke aerosols. Using the combination of 14 Advanced Very High Resolution Radiometer (AVHRR) and the Earth Radiation Budget 15 Experiment (ERBE) (Barkstrom, 1984) measurements, the instantaneous direct TOA 16 SWARFs for smoke aerosols were estimated over South America by Christopher et al. 17 (1996, 1998). More recently, this approach has been extended using Tropical Rainfall 18 Measuring Mission (TRMM) data sets (Christopher et al., 2000) . Depending upon aerosol 19 concentrations, the instantaneous SWARF can be as high as -70 Wm -2 . 20 Measurements from the ERBE instruments on board NOAA polar-orbiting 21 satellites and the Earth Radiation Budget Satellite (ERBS) provided important data sets 22 for the understanding of the Earth Radiation Budget. 
Collocation of VIRS and CERES
21
The VIRS data product includes measurements at five narrow spectral channels 22 with a spatial resolution of about 2 km at nadir. It can be used to identify smoke pixels 23 and to retrieve optical properties of smoke aerosols (Christopher et al. 2000 pixel and a CERES footprint to be considered collocated, the geographical difference 5 between the VIRS pixel and the center of the CERES footprint must be less than 0.02°. The collocation procedure accounts for the change of the CERES and VIRS pixel sizes 12 with scanning angle. order to use gas transmission functions in DISORT, the band models are approximated 9 with a three-term exponential fit (Wiscombe and Evans, 1977 ). The SBDART model can 10 compute the radiative effects of several common boundary layer and upper-level 11 atmosphere aerosol types, including rural, urban, or maritime aerosols in the boundary 12 layer, as well as fresh and aged volcanic aerosols in the upper atmosphere. User-defined 13 aerosol types are allowed in the SBDART model, which is characterized by the spectral 14 aerosol extinction coefficient (σ e ), aerosol single scattering albedo (ω 0 ), and asymmetry 15 factor (g). 16 The spectral optical properties of smoke aerosols used in this study are obtained most cases, the uncertainty of smoke ADM is expected to be less than 10% due to the 6 uncertainties of these parameters. 7 The asymmetry factor, mainly determined by the particle size distribution of than 0.8, the uncertainty of smoke ADM values is less than 4%. This is expected since 13 the smoke scattering effect dominates over surface reflectance when τ gets large.
14 However, when τ is smaller than 0. Figure 5a shows an example of the channel 1 image of the VIRS 1 data. In Figure 5a , the lower part of the image clearly shows high cloud amounts. aerosols are assumed to be spherical with an organic liquid shell and black carbon core. 9 The particle size distribution of smoke aerosols is assumed to be log-normal. Mie theory 10 is used to calculate the spectral optical properties of smoke aerosols, and they match well The VIRS channel 1 TOA clear-sky albedo map is determined as following. The 13 study area is first divided into 4x4 km grids. The clear sky albedo is determined by 14 assigning the minimum R1 value obtained from all pixels falling into this grid. All VIRS 15 data files in August 1998 are used to obtain this clear-sky albedo map. 16 The broadband TOA clear-sky albedo map is determined in three steps. First, the 17 study area is also divided 20x20 km. If the percentage of clear-sky pixels for a collocated 18 VIRS-CERES sample is greater than 90%, we assume that this collocated sample is a grassland, and wetland, mixed forest and cropland are shown in Table 2 . For each smoke sample, the TOA SW flux is estimated using the smoke ADM. and smoke conditions, respectively.
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